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0. Introduction 
We anaylze a possible generalization of the non-abelian cohomology for groups 
as proposed by Dedecker [2], [3]. The presence in his work of some concepts which 
are not advantageous to work with in a context of non-abelian groups stimulated 
us for this work. In a special case, not contained in his theory, non-abelian 
cohomology (sets) and classical cohomology (groups) can be used together in a 
cohomology sequence which appears to be really adequate to treat the existence and 
unicity problem of Seifert-constructions for extensions with a non-abelian Lie group 
as kernel (see [8], [9]). 
Let us explain vaguely what is a difficulty at hand in non-abelian cohomology. 
Let G be a group. In the abelian case, an exact sequence of G-modules 1 ~A ~B---, 
C~ 1 gives rise to an exact sequence of cohomology groups 
H 1 (G, A)--,H 1 (G, B )~H ~ (G, C)6--~H2(G, A)~H2(G, B)-~H2(G, C). 
In the non-commutative case, working in Dedecker's framework, the coefficient 
structures A, B and C should be crossed modules. The problem of describing the 
exactness properties in the corresponding cohomology sequences (which is at most 
a sequence of pointed sets) consists in describing the image of an arrow in terms of 
the following one. 
In Section 1 we generalize the notion of action of a group on a crossed module 
[2], based on the use of non-abelian 2-cocycles. Finding a definition which is com- 
patible with the concept of extendibility of abstract kernels [6] served as a motiva- 
tion. The notion obtained is similar to the notion of a morphism of 'gerbes' in- 
troduced by Giraud [7]. To stay consequent to this viewpoint, it appears necessary 
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to relax the notion of a short exact sequence of crossed modules [2], [10]. We obtain 
almost short exact sequences. 
In Section 2 we define appropriate 1-cocycle- and 1-cohomology sets. Using the 
2-cohomology defined by Dedecker we show that according to an almost short exact 
sequence of crossed modules a six term sequence can be constructed linking 
1-cocycles and 2-cohomology (compare with [10]). Having relaxed the notion of ex- 
actness for short exact sequences one may not wonder that the exactness relaxes also 
in this long sequence; this loss of exactness i  closely related to the fact that our 
l-cohomology sets are no longer pointed sets. However, motivated by the examples 
in literature of the importance of the exactness in the connecting map (~), it seems 
more important o us that this exactness till can be expressed in a simple way. 
In Section 3 we introduce a concept of triviality for the (non-pointed) 
1-cohomology sets. This can be done defining associated group actions for a given 
action of a group on a crossed module. In this way we get a concept reducing to 
the triviality for 1-cohomology groups in the abelian case. 
We concentrate on the situation of almost short exact sequences of crossed 
modules with central kernel, in Section 4. Using a modification of the corresponding 
six term sequence, this sequence can be transformed into a real cohomology se- 
quence. In this modified sequence the notion of triviality for the 1-cohomology 
plays an important role, e.g., the injectivity of the connecting map is implied by the 
triviality of a l-cohomology set. In this way and although the cohomology sets do 
not support an algebraic structure, we get an analogous result as in classical co- 
homology theory. 
We are well aware of some considerations similar to ours in literature. We refer 
amongst others to the work of Giraud [7; IV.2], Douai [4], and Duskin [5]. 
However, since their work is situated in the very general, categorically inspired 
framework of non-abelian cohomology, and since it would be harder to extract our 
results from this general theory, we preferred to give a rather brief and elementary 
self-contained account having in view [8] as an immediate application. 
1. Almost short exact sequences of crossed modules 
We recall that a crossed module can be considered as a quadruple (H,Q,H, ~) 
consisting of groups H and/7 ,  a morphism ~ : H~/. /and an action o f /7  on H, 
determined by q~:H×H--,H such that the following conditions are fulfilled: 
(i) qi(o(h), h0) = h. h0" h-1 (h, h0 in H),  
(ii) p~(x,h)=x.~(h).x -1 (x i n / - /and  h in H). 
In the sequel we denote Xh for qi(x, h). It was remarked by Dedecker (see also [10]) 
that this concept could provide a good coefficient structure for non-abelian 
cohomology. One then obtains the abelian case by putting H= Aut H, ~o--- 1 and ¢~ 
the evident action (remark the difference in this point of view with the case 1.3 D 
in [10]). 
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Both classical cohomologY and non-abelian cohomology of groups are closely 
related to the study of group extensions. A fundamental concept in the study of 
group extensions with a non-abelian kernel H is the notion of abstract kernel, i.e., 
a morphism G ~Out  H, introduced by Eilenberg and McLane [6]. Dedecker defined 
an action of a group G on a crossed module (H,o ,H,  cb) as a morphism q~ : G-+H.  
Such a morphism induces in a natural way a morphism G--,Aut H. We make this 
incompatibility disappear in the following way. 
1.1. Definition [10; 2.2.4]. An action of a group G on a crossed module (H, Q,/7, q~) 
is a pair (q~, h) consisting of maps q~: G---,H and h : G × G-- ,Hwhich are normalized 
(0(1)---1; h(1, x)= h(x, 1)= 1) and which satisfy the conditions (i) and (ii) below: 
(i) q)(x)O( y) = oh(x, y)fb(xy), 
(ii) ~tX)h(y, z) . h(x, yz) = h(x, y) .  h(xy, z). 
This definition consists in taking a non-abelian 2-cocycle (q~, h) as determined in 
[2] as an action. Dedeckers version then corresponds to the case h-- 1. Such actions 
will be called real group actions in the sequel. 
Following [2], a short exact sequence of crossed modules will be considered to be 
a diagram of crossed modules (Hi, oi, I-li, ~i) (1 _i<_ 3) and morphisms of crossed 
modules (see also [10, p. 398]): 
/71 
l~01 Q2 
i 
'H1 'H2 
nat 
,/73 =/72/02(HI) 
03 
J 
'/-/3 ,1 
In this diagram the underlying sequence of groups is a short exact one. If, for a 
group G, each of the crossed modules (Hi, oi, Hi, ~i) is equiped with an action 
(q)i, hi) of G such that the actions are compatible, we have: 
h3=j  o i o h 1 = 1. 
This implies that ~03:G---'/73 is a group morphism and so again a morphism 
G--+Aut/-/3 is induced. In view of 1.1 and its motivation, we introduce 
1.2. Definition. An almost short exact sequence of crossed modules is determined 
by a diagram of crossed modules and morphisms of crossed modules 
nat 
H1 //2 '/73 = H2/Q2(ker j )  
i j 
H 1 ' 8  2 ~H 3 
(1.1) 
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such that: 
(i) i is mono,  
(ii) j is epi, 
(iii) ker j  is contained in im(i). 
The kernel of an almost short exact sequence of crossed modules is the subgroup 
ker j=K of H 1 (or HE). It follows immediately that (K, Ql[K,111,~l[n×r) is a 
crossed module and that the sequence 
nat 
HI /-/'2 ' /-/3 
i j 
1 ,K  ,H  2 ,H  3 ,1 
is a short exact one. We remark that although the crossed module (Hi, ol ,Hl ,  to1) 
may be equiped with an action (0, h) of the group G, it is possible that this is not 
the case with (K,~ol,H l, ~1). 
2. A six term sequence with exactness properties 
Suppose (H, ~, 17, qs) a crossed module with an action (4~, h) of the group G. 
2.1. Definition. A 1-cochain of G with coefficients in (H,o,I-1, q~) is a normalized 
map it : G ~H.  A 1-cochain it is a 1-cocycle if and only if, for all x, y in G 
it(x). ¢(x)it(y). h(x, y). it(xy) - l=  1. 
Two cochains it1 and it2 are cohomologous iff there exists an element h in H such 
that 
it2(x)=h- itl(x). ¢(X)h-1, for all x in G. 
The set of 1-cochains (resp. 1-cocycles) of G with values in the crossed module 
(H, o,H, q~) is denoted C(~,h)(G, H) (resp. Z~¢,h)(G, H)). The following property can 
be shown easily: 
2.2. Lemma. I f  it I : G---,H is a 1-cocycle and it2: G--*H a 1-cochain cohomologous 
to its, then it2 is also a 1-cocycle. 
As a corollary we call the set of cohomology classes of 1-cocycles the 
1-cohomology set of G with coefficients in the crossed module (H, ~, H, t0) and we 
denote this set with H~¢,h)(G, H). 
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We recall the Dedecker-definition of 2-cohomology ('2-cohomologie 6paisse'; 
[2]): 2-cocycles of G with coefficients in (H,p,H,~)  have to be considered as 
couples (~,f),  ~ : G ~H and f :  G × G ---,H both normalized, satisfying the condi- 
tions (i) and (ii) of Definition 
2-cocycles (q/1,fl) and (q/2,f2) 
y : G--'H such that 
and 
~ll 2 (X) = ~ ~(X)I[/ I (X) 
1.1. A 2-cocycle is called trivial iff f=  1. Two 
are cohomologous iff there exists a 1-cochain 
f2(x, y)= ?(x) . ~"<x)y(y) . f l(x, y). y(xy) -1. 
The set of cohomology classes of 2-cocycles fo G with coefficients in (H,p,H, ~) 
is denoted H~(G, H). A cohomology class is trivial iff it is a class of a trivial 
2-cocycle. We write (~,,f) for the cohomology class determined by the 2-cocycle 
(q/,f). 
As indicated in [2], [3], [10] one can interpret HZ(G, H) as the set of equivalence 
classes of H-crossed extensions of the crossed module (H,~o,/7, q~) by the group G. 
2.3. Proposition. Let (1.1) be an almost short exact sequence of  crossed modules 
with kernel K. I f  each of  these crossed modules (Hi, Qi, Hi, qbi) is equiped with an 
action (~Pi, hi) o f  the group G such that the actions are compatible, a six term se- 
quence can be constructed: 
Z I,h,)(G, HI) i* j* ' Z~2, h2)(G, HE) 1 ' Z(03,h3)(G, H3) ' H~,(G,K) 
i* , H2z(G, H2 ) j* , H23(G, H3 ) (2.1) 
Proof. Since the mappings i, and j ,  are defined in an evident way (expressing the 
functoriality of the cohomology definitions), we limit ourselves to the construction 
of the connecting map ~. 
Let A:G ~H3 be a 1-cocycle. Choose a lift ,(: G~H2 for 2 such that ,((1)= 1. 
Then 
A(X)" ~2(x)~(y). hE(X,y). /~(xy)-I =k(x,y) in K 
Let ~u : G ---'H1 be defined as ~ = Q22-. 02. It can be verified easily that (~u, k) deter- 
mines a 2-cocycle of G with coefficients in (K, QI,/-/I,¢il) and that choosing 
another lift 2' for ;t changes this 2-cocycle into a cohomologous one. So, fi is well 
defined by taking fi(2) = (~,, k). [] 
Concerning the exactness properties in the sequence (2.1) we formulate the 
following proposition. 
2.4. Proposition. In the sequence (2.1) we have the properties: 
(i) For A in Z~3, h3)(G, Ha)" ~. ~ im(j*) ¢~ ~(~.) = trivial. 
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(ii) For (~, k) in H~,(G, K) : (~, k> ~ im(5) ~* i*((g, k)) = (02 ,  h2). 
(iii) For (~, f )  in H2:(G, Hz) : (q/,f) eim(i*)~,j*((~u,f))=trivial. 
Proof. (i)(=): Suppose O(2)=(q/,k)=(q/' , l) .  This means there is a 1-cochain 
y:G--,K such that y(x).~'(x)y(y).k(x,y).y(xy)-l=l for x,y in G. The 1-co- 
chain y-~:  G~H2 (/~ as in 2.3) then is a 1-cocycle in Z(~2,h2)(G, H2) satisfying 
j , (} '  • £)=/1.  
(ii)(=): If i*((q/,k))=($z, h2), this implies the existence of a 1-cochain 
/1:G---'H2 such that q/(x)=Qz/1(x)-$2(x) and k(x,y)=/1(x)¢2(x)/1(y)hz(x,y)2(xy)-l. 
Since k takes its values in kerj,  the 1-cochain j/1:G--+H3 is a 1-cocycle in 
Z(~3,h3)(G,/-/3) and it is clear that ~(j/1)=(g/, k). 
(ii i)(=): Suppose there exists a 1-cochain/1:G---'H3 such that 
/1(x)nat~u(x)/1( y)jf(x, y)/1(xy) -1 = 1. 
For a normalized lift 2: G ~H 2 of / l  this implies 
ft(x)~/tx) ft(y)f(x, y))t(xy)-l = k(x, y) in K = ker j. 
An easy verification shows that (Q22- q/, k) is a 2-cocycle of G with coefficients in 
(K, QI,11~, ~l) and that i*((£)2,~" qt, k)) =(q/, f) .  
The other implications can easily be proven by the reader. [] 
3. Associated group actions and triviality of H 1 
In comparison with the situation in [2] our 1-cohomology sets have the disadvan- 
tage not o be pointed; there is no priviliged 1-cocycle. Consequently, defining an 
appropriate notion of triviality for the 1-cohomology at first sight seems to be not 
evident. Therefore we introduce 
3.1. Definition. Let (qLh) be an action of G on the crossed module (H, ~,/-/, q~). A 
group action of G on (H,Q,H:ch) associated with (0, h) is a real group action (q/, 1) 
such thatq/(x)= O2(x)~O(x), x in G, for a 1-cochain/l : G--,H. 
3.2. Remark. (i) Every 1-cocycle/1 in Z(~,h)(G, H) induces a group action (q/a, 1) 
associated with (qL h) by putting g/a = 6/l- 0~. The verification is easy. 
(ii) A 1-cochain/1 : G ~H inducing a group action associated with (q~, h) has not 
to be a 1-cocycle. Indeed, any 1-cochain/1 such that 
/1 (x)~(x) /1(y)h (x, y)/1 (xy)- 1 
belongs to ZH (= ker ~), the center of the crossed module, induces an associated 
group action. 
If (g/, 1) is a real group action of G on (H,~o,//, ~)  the set H~,,I)(G,H) contains 
a priviliged element namely the class of the trivial 1-cocycle 1 in Z(~, 1)(G, H). So, 
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H( 1,1)(G, H) is called trivial iff this class is the only element of H~,, l)(G, H). This 
situation motivates the following 
3.3. Definition. Given a crossed module (H,~o,/7, ~) provided with an action (¢, h) 
of the group G. The 1-cohomology set Ht~,h)(G, H) is said to be trivial if and only 
if H~, I)(G, H) is trivial for every group action (~u, 1) associated with (~, h). 
3.4. The abelian ease. If we have the abelian group H, we consider the crossed 
module (H, 1,Aut H, ~). It is easily seen that an action (¢,h) of a group G on this 
crossed module, together with each of its associated group actions induces a unique 
morphism O : G--,Aut H. So, H becomes a G-module in the classical sense. One 
verifies immediately that the triviality of Htlc, h)(G, H) means the triviality of the 
classical cohomology group Ha(G, H). Together with the following proposition we 
conclude that our definition of triviality for H 1 completely generalizes the notion 
of triviality in the classical cohomology theory. Another confirmation of this result 
is found in the context of the Seifert-construction as is indicated in [8]. 
3.5. Proposition. Let (H,Q,H, ~) be given with an action (¢p,h) of  G. Then: 
(i) If Ht~,a, I)(G, H) is trivial for  one 1-cocycle 2 in Z~O,h)(G, H), then it is trivial 
for each l:cocycle 2 in Z~¢,h)(G, H). 
(ii) I f  ~ is a monomorphism or i f  ~ is trivial, and i f  Htl~, I)(G, H) is trivial for 
one 1-cocycle 2, then H~¢,h)(G, H) is trivial. 
Proof. (i) Let H(~,I)(G, H) be trivial and y an arbitrary 1-cocycle in z(l~,h)(G, H). 
We have: 
y. 2 -1 is a 1-cocycle in 1 Z(~, l)(G, H) and so there exists an element h in H such 
that 
h. ~(x)2-1(x)~Ua(X)h -1 = 1 or h. y(x)e~(X)h -1 =2(x). (3.1) 
Now, take an arbitrary 1-cocycle ( in Z 1 (~,~,1)(G,H). ( -y  is a 1-Cocycle in 
Z~,h)(G, H) and so (3.1) can be applied replacing ), by ~. y, i.e. 
h I • ~(x)y(x)¢(X)hl 1=2(x) ,  for a certain h I in H. (3.2) 
Combining (3.1) and (3.2) we get: 
h-1 h l ~(x)y(x)¢(X)hll e~(x) h = h- 12(x)e~(X)h = y(x) 
or 
(h-~ hl)~(x)~y~X)(h-~ l)-l = 1. 
This means that H~,  1)(G, H) is trivial and finishes the proof of (i). 
(ii) The case Q is trivial reduces to the abelian case treated in 3.4. The case Q is 
a monomorphism reduces to the situation in (i): it suffices to remark that in this 
case, every 1-cochain 2:G~H inducing an associated groupaction with (~,h) 
necessarily is a 1-cocycle. [] 
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4. Almost short exact sequences with central kernel 
We recall that the centre of a crossed module (H, •, H, q~) is defined as the group 
Z/4 = ker Q. This is an abelian, normal subgroup of H,  contained in the centre Z(H) 
of the group H. By an almost short exact sequence of crossed modules with central 
kernel we mean a diagam (1.1) such that K= Zn,. 
Since (K, oI,HI, q~I) is a crossed module and (O,h) is an action of G on 
(Hi, QI, Hi,  ~/'1), the map ~ induces a morphism G--,Aut K in the case K is central. 
This means K can be considered as a G-module and we can use the classical 
cohomology groups of G with coefficients in K. 
We show in this section that using these cohomology groups, which we denote 
Hi(G, K) in the sequel, in the sequence (2.1) has certain important advantages. So, 
let us assume we have an almost short exact sequence (1.1) with central kernel. 
4.1. Lemma. There is a group action of the group HI(G,K) on the sets 
1 H(c,,.h,)(G, Hi) (i = 1, 2), defined by 
HI ( G, K) × H) (¢~,,h,)(G, Hi)~H:o,,h,)(G, Hi): ((~), (A))~(~" A). 
4.2. Lemma. The mapping t:H2(G,K)-~H~2(G, HE)'(q)~((p2,q-lh2) is a well 
defined, injective mapping. 
We recall a 2-cocycle r/in Z2(G, K) can be considered as a normalized mapping 
r/" G × G ~K such that 
¢(x)rl( y, z)rl(x, yz) = tl(x, y)rl(xy, z). 
The proofs of these lemmae consist of a number of elementary computations 
which we leave to the reader. 
We are now able to modify the sequence (2.1) corresponding to an almost short 
exact sequence of crossed modules with central kernel. The main change consists in 
replacing H2~(G, K) (the non-abelian cohomology set) by H2(G, K) (the classical 
cohomology group). In order to see clearly what is happening we make the following 
diagram: 
J L  . . . . . . . . . .  
6" 
T 
(k) . . . . . .  
. . . . . . . . . . . . . . . . . . . .  ~ (~,  k )  
J 1 Z(~3,hD(G,/-/3) ' Im d 
t 
H2a(G, K) ' H22(G, H 2) 
, i t  
(q/, k) 
44 
,9 
. . . . . . . . . . . . . . . .  , (~2,k - lh2)  
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4.3. Theorem. Given an almost short exact sequence of  crossed modules with central 
kernel K, a six term cohomology sequence can be constructed as follows: 
i* j* ~' 
' '/-/a2CC, K)  
j .  
t ,H22(G, H2) ,H2r6(G, H3). (4.1) 
In this sequence the following exactness properties are fulfilled: 
(1) For every <2),(?) in H~C~E, hE)(G, H2): j * ( (2 ) )= j* ( (y ) ) i f f  (2) and (?) are in 
the same orbit for  the Hla (G, K)-action. 
(2) For (2) in H(Io3,h3)(G,/-/3): O.)e imj*~O'( (2) )  =(1). 
(3) I f  H~¢2,h2)(G, HE) is trivial, t~' is injective. 
(4) For (r/) in HE(G,K): (r/) e im ~'¢~ t((r/)) = trivial. 
(5) For (el, f )  in HE2(G, HE): (q/ , f )e  im to j * ( (q / , f ) )  = (q~3, h3)- 
Proof. I. We first of all have to prove that, changing (2.1) as indicated, the resulting 
sequence indeed induces a real cohomology sequence (linking 1- and 
2-cohomology). This consists in showing that ~' is well defined in (4.1). So, let 2 
be a 1-cocycle in 1 Z(o3,h3)(G, Ha) and 21 a cohomologous 1-cocycle. This means 
).l(X)=h • 2(x)- ¢3(X)h-l for some h in H 3. 
If )T is a lift cochain G -~H 2 for 2, and 1~ a lift element in H 2 for h, take )Tl(x ) = 
]~" ~(X)" ~02(x)]~-I to define a lift cochain for 21. We then have: 
"~l (x)02(x)£1 (Y)h2(x, Y)£1 (xY) -1 
=/~(x)~O2(x)]~- 1. C2(x)( ~,~( y) )¢)2(x)O2( y) ~- l . h2(x ' y) . e~2(xy) ]~t (xy )- I ]~-1 
=/~.~(x)C'2(x),,~(Y)h2(x, y), (xy)-1 l~- 1 
=Z(x)C)2(x)Tt(Y)h2(x,y)2(xy)-I (since K is central). 
II. The exactness properties. 
(1)(=): Suppose j*((2)) =j*((),)). The 1-cochain ),. 2 -1 : G ~H 2 is a 1-cocycle in 
Z(~,I)(G, H2) and j*((2))=j*((~,)) implies j*((~,-2-1)=(1) in l n(~usa, l)(G, H3). 
This means there exists h in H2 such that: 
h),(x))t-l(x)~'a(X)h -1 =k(x), for some k: G--,K. 
k can be verified to determine a 1-cocycle in Z d (G, K) and so we find 
k(x)2(x) = h),(x)C~2(X)h - i 
which means (k- 2) = <y) in H(~,h2)(G, HE). 
(2) This can easily be proved using 2.4(i). 
(3) Suppose <2),(() in H(Io3,h3)(G, H3) such that ~'(<2))=~'((()).  Suppose 
~'(<2)) = (k) where k : G × G ~K is defined by 
k(x, y) = ft.(x). ¢2(x)~(y). h2(x ' y).  ff.(xy)-l, 
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for a lift cochain 2-: G --'HE for 2. Analogously, ~'((~)) = (k') and k':  G × G ~/ f  
is constructed using a lift ( :  G ~H2 for ~. 
Since (k) = (k'), there exists ,8 : G ~K such that 
,8(x)¢~x),8( y)k' (x, y),8(xy) - l = k(x, y). 
K, being central in H2, we conclude that 2-induces a groupaction (~u;, 1) of G on 
(HE, P2,/72, ~2) associated with (~2, h2)" Take the 1-cochain ( f=)  ,8. ~. 2--1 : G--*H 2. 
We compute: 
f(x)~'~(x)f(y)f(xy)-l 
= ,8(x)((x)2-- l (x)2-(x)C~2¢x),8( y)O2{x) (( y)¢2tx) fc  l ( y)2-(xy)(- l (xy),8-1(xy) 
= ,8(x)~(X)¢:tx),8(y)O2tx)((y)k-l(x, Y)h2(x, y)(-I(xy),8-1(xy) (K central) 
= ,8(X)CkE(X)f l (y)k- l (x,  y)((x)C)z(x)((y)hz(x, y)(-l(xy),8-1 (xy) 
=k- l (x ,  y)k(x,y)= 1. 
We conclude that f :  G~H 2 is a 1-cocycle in Z~,~,I)(G,H:). 
H~2,h2)(G, HE) being trivial, there exists an element h in HE such that 
hf(x)~'a(X)h-l=l or  hf(x)~(x)~2(X)h-l=2-(x). 
This implies ( ( )= (2) in Ht~3,h3)(G, H3), so that O' is injective. 
(4) and (5) can easily be derived from 2.4 (ii) and (iii). [] 
4.4. Remarks. (a) In the case of almost short exact sequences with central kernel, 
the combination f non-abelian cohomology sets with classical cohomology groups 
really induces an interesting six term cohomology sequence. Although the set 
H~¢3,h3)(G, H3) is not a well algebraically structured set, the triviality of 
H~2,h2)(G,//2) implies an analogous conclusion in (4.1) as does the triviality of H i 
on that place in classical cohomology. 
(b) We remark also that the injectivity of j *  (in 1-cohomology) is implied by the 
triviality of HI(G,K) ,  as is indicated in property 4.3(1) above. 
(c) Furthermore, from 4.3(4) we conclude that the triviality of H2(G, H2) implies 
the surjectivity of d'. 
(d) A final remark concerns a small but interesting generalization in the definition 
of almost short exact sequences with central kernel. To construct he cohomology 
sequence (4.1), we do not need the condition H 1 =/7  2 any more. So, this condition 
can be omitted without problems. 
The sequence (4.1) is of a certain importance in formulating the existence and 
unicity problems for Seifert-constructions for extensions 1 ~L--,E--,G--* 1 of the 
Lie group L as is indicated in [8]. See also [9]. 
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